Abstract. We study I-functions of Calabi-Yau 3-folds with Picard number one which are zero loci of general sections of direct sums of globally generated irreducible homogeneous vector bundles on Grassmannians.
Introduction
A smooth projective variety Y with trivial canonical bundle and
is called a Calabi-Yau manifold. Constructing Calabi-Yau manifolds is of considerable interest to both algebraic geometers and theoretical physicists, since many different topology types are possible in higher dimensions (dim Y ≥ 3) and also we observe a mysterious symmetry (mirror symmetry) among them. Recently the present authors have obtained a complete list of Calabi-Yau 3-folds which are given by the zero loci of general sections of direct sums of globally generated irreducible homogeneous vector bundles over Grassmannians [IIM] . In this paper, we focus on such Calabi-Yau 3-folds of Picard number one, which are listed in Table 1 , and determine differential operators which characterize the I-functions of the Calabi-Yau 3-folds.
In [Küc] , Küchle obtained a complete list of Fano 4-folds with Fano index one which are given by the zeros of general sections of direct sums of globally generated irreducible homogeneous vector bundles over Grassmannians, which we call Küchle's Fano 4-folds. Many of our CalabiYau 3-folds in Table 1 are naturally given by the anticanonical section of Küchle's Fano 4-folds. It should be noted, however, that some of our Calabi-Yau 3-folds do not factor through Küchle's Fano 4-folds.
In [CCGK] , they determine the quantum periods of all three-dimensional Fano manifolds. In this paper, we follow their method to calculate I-functions of Calabi-Yau 3-folds. An I-function is a certain function which determines the J-function of quantum cohomology of a Calabi-Yau 3-fold. When we restrict our attention to Calabi-Yau 3-folds of Picard number one, the Ifunctions satisfy certain differential equations of fourth order (Picard-Fuchs equations) and play a central role in the proof of the mirror theorem [Giv1] , [LLY] . We can use this relation to determine the I-functions. For the other Calabi-Yau 3-folds in Table 1 , not factoring through Küchle's Fano 4-folds, we use the so-called abelian/nonabelian correspondence in [CFKS] which is applicable to the (twisted) I-functions of homogeneous vector bundles on Grassmannians. For most of them, straightforward applications of abelian/nonabelian correspondence are possible to determine the I-functions.
For all Calabi-Yau 3-folds in 92 104 −64 unknown Table 1 . The list of direct sums of globally generated irreducible homogeneous vector bundles whose zero loci give rise to Calabi-Yau 3-folds with Picard number one from [IIM, Table 1 ]. The numbering is the same as in [IIM] . The last column indicates the corresponding numbers of Picard-Fuchs operators in the electronic database [vEvS2] .
conics [EPS] . Although it is not known whether the abelian/nonabelian correspondence holds for the determinantal nets of conics or not, we compute a conjectural I-function for No. 18 under the assumption of the validity of the abelian/nonabelian correspondence for determinantal nets of conics.
Main results. We determine I-functions of Calabi-Yau 3-folds in Table 1 except for No. 18. For a Calabi-Yau 3-fold of No. 18, we give a conjectural I-function which is correct if the abelian/nonabelian correspondence holds for determinantal nets of conics. We also determine Picard-Fuchs operators which annihilate these I-functions.
Except for No. 18, we can obtain J-functions of Calabi-Yau 3-folds in Table 1 from these I-functions. If the abelian/nonabelian correspondence holds for determinantal nets of conics, we can also obtain the J-function of a Calabi-Yau 3-fold of No. 18.
In Appendix A, we list the resulting differential operators for the I-functions of our CalabiYau 3-folds with Picard number one. In the references [AvEvSZ] , [vEvS1] , hundreds of fourth order differential operators which satisfy the same properties as those for the I-functions (called Calabi-Yau operators) are generated. It is worth while remarking that some of the differential operators (for No. 18, 24, 25, 28) are not in their list. It is also interesting to observe that some of the obtained Picard-Fuchs operators have more than one maximally unipotent monodromy points, which often indicate non-trivial Fourier-Mukai partners [Rød] , [HT] , [Miu] .
The organization of this paper is as follows. In Section 2, we recall the definitions of Jfunctions and E-twisted J-functions. We also introduce I-functions for Calabi-Yau 3-folds. In Section 3, we briefly review the abelian/nonabelian correspondence and apply it to the CalabiYau 3-folds in Table 1 . For most of Calabi-Yau 3-folds in Table 1 , the E-twisted I-functions may be derived readily by applying the abelian/nonabelian correspondence. In Section 4, we deal with vector bundles which contain line bundles as irreducible summands. We determine the quantum differential equations calculating the twisted Gromov-Witten invariants by localization, and applying the quantum Lefschetz theorem. In Section 5, we do our calculation for No. 18 under the assumption that the abelian/nonabelian correspondence holds for determinantal nets of conics. 
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Preliminaries
2.1. J-functions and I-functions. In this subsection, we introduce the J-function of a smooth projective variety X over C. For the sake of simplicity, we shall assume that the cohomology group of X consists of only even degree except when we consider a Calabi-Yau 3-fold. Let X 0,n,d be the moduli space of genus zero, n-pointed stable maps to X representing a homology class d ∈ H 2 (X, Z). Let ev i : X 0,n,d → X be the evaluation map at the i-th marked point. Let NE(X) ⊂ N 1 (X) be the semigroup generated by the classes of effective curves in N 1 (X). The Novikov ring of X, which is denoted by Λ X , is defined to be the completion of the semigroup ring C[NE(X)]. We denote by Q d ∈ Λ X the Novikov variable of an effective curve class d ∈ NE(X).
. . , T m be the dual basis with respect to the Poincaré pairing.
Definition 2.1. The J-function of X, which is a formal function of τ and 1/z taking values in H * (X, C) ⊗ Λ X , is defined as follows:
where
is the genus zero descendant Gromov-Witten invariant of X.
Since the genus zero Gromov-Witten theory of X is recovered from the J-function of X (see [CG] ), the J-function is an important object.
We define the small J-function of X as the restriction of the J-function (1) to the small parameter space, i.e. 
where n d is the genus zero Gopakumar-Vafa invariant of Y , which is related to the genus zero Gromov-Witten invariants of Y by the multiple cover formula [AM] , [GV] .
It is difficult to determine the J-function from the definition. To determine the small Jfunctions of nef complete intersection varieties in toric Fano manifolds, Givental introduced small I-functions in his proof of mirror theorem. Recently, I-functions are found for broader class of varieties [Iri] , [Bro] , [CFKS] , [CFK] . In general, I-functions are related to J-functions via Birkhoff factorization procedure and change of coordinates (so-called the mirror map).
In this paper, we use a terminology, small I-functions of Calabi-Yau 3-folds of Picard number one. Instead of defining them, we refer to some required properties here: Let H be the ample generator of the Picard group of a Calabi-Yau 3-fold Y . A small I-function of Y is a formal function of tH ∈ H 2 (Y, C) and 1/z to H even (Y, C), and it has the form
This I-function is related to the small J-function of Y as
The relation is usually called the mirror theorem. We can give a case-by-case definition of a small I-function I Y (t, z) of each Calabi-Yau 3-fold Y in Table 1 by using a twisted I-function of an ambient variety, either Definition 3.3 or (10), together with an appropriate projection and identification of cohomology groups.
2.2. E-twisted settings. Let E be a globally generated vector bundle on X and Y be a zero locus of a general section of E. We introduce the E-twisted J-function, which is closely related to the J-function of Y . We fix a homogeneous basis T i (0 ≤ i ≤ m) of H * (X, C) as in the previous subsection.
3.1. Short review of abelian/nonabelian correspondence. Let G be a reductive algebraic group. Let V be an affine space with a linear action of G. By the geometric invariant theory, we define a quasi-projective variety V / /G from the triple (V, G, χ), where χ is a character of G. Let T be a maximal torus of G and consider the induced action of T on V . Associated to T , we obtain another variety V / /T from (V, T, χ| T ). In this paper, we assume the following properties:
Assumption 3.1. Let V s (G) (resp. V ss (G)) be the stable locus (resp. semistable locus) of the action of G on V . We use the same notation for the action of T on V . We assume
and G (resp. T ) acts on V s (G) (resp. V s (T )) freely. Moreover we assume that both V s (G)/G and V s (T )/T are smooth projective varieties and the codimension of V us (G) = V \ V ss (G) in V is larger than or equal to two.
These properties guarantee that the varieties V / /G and V / /T are smooth projective varieties. The abelian/nonabelian correspondence is a relation of Gromov-Witten invariants between these two different geometric quotients.
Let Φ be a root system corresponding to (G, T ). We fix a decomposition Φ = Φ + ∐Φ − , where Φ + is a set of positive roots and Φ − is a set of negative roots. We define by L α := V s (T ) × T L α the line bundle on V / /T for each root α ∈ Φ, where L α is the one-dimensional representation corresponding to α. Let W := N(T )/T be the corresponding Weyl group of G, which acts naturally on V / /T . We consider subspaces of H * (V / /T, C) defined by
where l(σ) is the length of σ.
a can be written as a product of ω and an element of
In this diagram, the map i is an open embedding and π is a G/T -fibration. Note that the action of
We also note the following fact:
Moreover the following sequence is exact:
we say thatσ is a lift of σ. Obviously any σ ∈ H * (V / /G, C) has a lift by (4).
In the following, we fix a lift of T i for each i, and denote it byT i . From this, we define the lift of any class
W , the exact sequence (4) implies that there exists a unique σ ∈ H * (V / /G, C) such that
We denote the σ above by σ = x/ω. We denote by Qd ∈ Λ V / /T (resp.
Taking the dual of the ample cones in Pic(V / /G) R and Pic(V / /T ) R and restricting them to integral classes, we have the homomorphism of semigroups h : NE(V / /T ) → NE(V / /G). Using this homomorphism, we have the ring homomorphism p :
We define an E G -twisted I-function for a globally generated vector bundle E G over V / /G which is induced by a representation of G as follows: Let E be a representation of G and consider the induced vector bundle
Definition 3.3 ([CFKS]
). We define an E G -twisted I-function by
which is a function of t ∈ H * (V / /G, C).
When V / /G is a partial flag manifold of type A, we can obtain the E G -twisted J-function from I E G V / /G by the following theorem: Theorem 3.4 ( [CFKS] ). Let V / /G be a partial flag manifold of type A. Assume that E G is generated by global sections. Let t = (t 0 , t 1 , . . . , t l , t l+1 , . . . , t m ) be the coordinates on H * (V / /G, C) corresponding to the homogeneous basis
The coordinate change τ = τ (t) can be read off from the coefficient of z 0 in the z-expansion of the right hand side.
We will apply this theorem to Grassmannians V / /G = G(k, n) and globally generated vector bundles E G which are induced by representations and define Calabi-Yau 3-folds Y of Picard number one.
In the following calculation, we restrict the parameter t to the small parameter space t ∈ H 2 (V / /G, C). In the small parameter space, we can express the E T -twisted I-function by combinatorial data of the toric variety V / /T and the vector bundle E T from [Giv2] . It is known (see [CCGK, Section D] ) that I E G V / /G (t, z) becomes homogeneous of degree one under the following degrees:
Let H be the class of the Schubert divisor on G(k, n). Then we can expand I
By the property z∂
) and the uniqueness of C i (t, z) (i = 0, . . . , m), the transformation (7) in small parameter space can be written as
where the coordinate change τ = (I 1 (t)/I 0 (t))H is called the mirror map. Similar toJ
3.2. I-functions and quantum differential equations. Let X = G(k, n) be the Grassmannian of k-planes in C n . We describe X by the geometric invariant theory quotient V / /G with V = Mat k×n (C), G = GL(k, C) and a suitable choice of χ. It is well-known that any irreducible representation of GL(k, C) is given by applying the Schur functor to the standard representation. The tautological subbundle S is a vector bundle over G(k, n) associated to the standard representation of GL(k, C), and hence the dual S * corresponds to the dual of the standard representation. A globally generated vector bundle associated to an irreducible representation of G is described as Σ λ S * , where Σ λ is the Schur functor with
. The abelian/nonabelian correspondence applies to the twisted I-functions with vector bundles of the form
where λ i = (λ i,1 , λ i,2 , . . . , λ i,k ) for i = 1, 2, . . . , r. Now let us collect necessary data for our calculations of I-functions.
(ii) (The fundamental Weyl anti-invariant class) Let W = S k be the Weyl group of GL(k, C). It acts on V / /T = P n−1 × · · · × P n−1 by permuting k factors. The anti-invariant class ω is given by 1≤i<j≤k (H i − H j ), where H i is the pullback of the hyperplane class of the i-th factor. (iii) (Restriction of the coordinates) Let H be the class of the Schubert divisor of G(k, n).
The Weyl invariant lift of H is given by
. . , C k be the dual basis of H 1 , . . . , H k with respect to the pairing between H 2 (V / /T, C) and
for the Novikov ring of V / /G. Note that Λ V / /G is generated by a single generator Q since V / /G has Picard number one. Then the ring homomorphism p :
v) (Decomposition of vector bundles) The irreducible vector bundle E G = Σ λ S * on X decomposes into direct sums of line bundles E T determined by weights of the irreducible
With the above data, we can apply the abelian/nonabelian correspondence to the vector bundle of the form (8) over G(k, n). For vector bundles of the form
i.e. those constructed by universal quotient bundle Q, we can use the duality G(k, n) ∼ = G(n − k, n) to reduce (9) to the case (8) above. Using either the representation (8) or (9), we can calculate the twisted I-functions for most of Calabi-Yau 3-folds in Table 1 except for the following three cases
No. 25 :
Since a Calabi-Yau 3-fold of No. 16 is a deformation equivalent to a linear section CalabiYau 3-fold in G(2, 7) by [IIM, Proposition 5 .1], the calculation of the first case reduces to the calculation of No. 12. We can calculate the twisted I-function of a Calabi-Yau 3-fold of No. 12 by the abelian/nonabelian correspondence. We will consider the last two cases in the subsequent sections. For the rest of Calabi-Yau 3-folds in Table 1 , it is straightforward to determine the Ifunctions. Since there is no difference in the calculations, we only present the details for a selected example. Table 1 . It is given by the zero locus of a general section of
2 be a maximal torus of GL(2, C). Then the abelian quotient is V / /T = P 5 ×P 5 . The decomposition of E T is given by
⊕3 . For each Schubert class σ ∈ H * (G(2, 6), C), we fix a lift of it by the corresponding Schur polynomial of H 1 , H 2 , where H i is the hyperplane class of the i-th component.
Step 1. We introduce affine coordinatest 1 ,t 2 which correspond to the basis H 1 , H 2 ∈ H 2 (P 5 × P 5 , C). The E T -twisted small I-function is given by the following formula (see [Giv2] ):
We also introduce an affine coordinate t in H 2 (G(2, 6), C) which corresponds to the class of the Schubert divisor H. By Definition 3.3, we have
where q = e t .
Step 2. We expandĨ
G(2,6) (t, z) with respect to z. Then we obtain the expansion of the form I
, where H is the class of the Schubert divisor of G(2, 6) in H * (G(2, 6), C)/ ann(e(E G )). We set Q = 1. The functions I 0 (t), I 1 (t) are given by I 0 (t) = 1 + 7q + 199q 2 + 8359q 3 + · · · ,
The function I 0 is expected to coincide with a period integral of a mirror family {Y ∨ q } q∈P 1 for a monodromy invariant cycle γ around the so-called maximally unipotent monodromy point. We look for a differential operator of fourth order which annihilatesĨ E G G(2,6) assuming the following general form of the operator with polynomial coefficients of degree at most d,
where a i,j are unknown constants and θ = q . Applying P to I 0 , we obtain sufficient numbers of linear equations {L m (a ij )} for a ij . Since we can calculate I 0 for arbitrary degree, we can find the differential operator P which annihilates I 0 (see Appendix A).
Quantum differential equations via quantum Lefschetz theorem
As explained in Subsection 3.2, we cannot apply the abelian/nonabelian correspondence to the Calabi-Yau 3-folds of type No. 18 and No. 25 in Table 1 . To determine an E-twisted Ifunction for No. 25, we will take another approach which is similar to Tjøtta's work [Tjø2] . This approach can be applied to the homogeneous vector bundles E in Table 1 which splits into E = E ′ ⊕ H, where E ′ does not contain line bundles in its direct summand and
Quantum Lefschetz theorem. Let us recall the following theorem:
Theorem 4.1 (Quantum Lefschetz theorem [Kim] , [Lee] , [CG] ). Let X be a smooth projective variety and E ′ be a holomorphic vector bundle on X. Let H = r i=1 L i be a direct sum of line bundles. We assume that both E ′ and H are globally generated. Let J
(τ , −z) and I H E ′ (t, −z) generate the same Lagrangian cone in the semi-infinite symplectic space (H((z −1 )), Ω) for H = H * (X, C) and a suitable symplectic form Ω. In particular, the same relation as (7) holds between J E ′ ⊕H X and I H E ′ . We will apply this theorem to many examples in Table 1 , whose vector bundles on X = G(k, n) are of the form
We defineĨ H E ′ as the composite function of I H E ′ and the natural projection H * (X, C) → H * (X, C)/ ann(e(E ′ ⊕ H)). We consider the restriction of t ∈ H * (X, C) to the second cohomology t ∈ H 2 (X, C). We set z = 1 and
Our purpose is to find a fourth order differential operator which annihilatesĨ H E ′ (t). Suppose we have a differential operator Q(q, θ) which annihilatesJ E ′ X (t). Since dim H 2 (X, C) = 1 for X = G(k, n), we can use the following result ( [BvS] ) to determine the differential operator which annihilatesĨ
. Then the differential operator
annihilatesĨ H E ′ (t). Considering the relation between twisted J-functions and quantum differential systems, we can obtain Q(q, θ) explicitly. The details are described in the following subsections.
Here we remark that the rank of P is larger than four in general. However we can extract a Picard-Fuchs operator from P after suitable factorization of the operator.
4.2. J-function and quantum differential system. We characterize the J-function as a collection of flat sections of the local system associated to the quantum cohomology. The same formula holds forJ E ′ X if we replace Gromov-Witten invariants, quantum product and H * (X, C) with E ′ -twisted Gromov-Witten invariants, E ′ -twisted quantum product and H * (X, C)/ ann(e(E ′ )) respectively. Let us consider M = H * (X, C) as an affine space C m+1 with coordinates t 0 , t 1 , . . . , t l , t l+1 , . . . , t m by using the basis T 0 , T 1 , . . . , T l , T l+1 , . . . , T m as in previous sections. Then the tangent bundle T M is a trivial bundle with fiber H * (X, C). Using the quantum product, we can introduce the connection
m).
Due to the associativity of the quantum product, it turns out that the connection ∇ z is flat and defines the corresponding flat sections s i (t) on M. The following proposition is a classical results (see [CK] ): Proposition 4.3. The flat sections s i (t) (0 ≤ i ≤ m) are given by
These sections determine the J-function by
where , is the Poincaré pairing on H * (X, C).
For our purpose, it is sufficient to calculate the small J-function. Therefore we restrict the coordinate t to H 2 (X, C) by setting t 0 = t l+1 = · · · = t m = 0. Then the quantum connection ∇ z is determined by the small quantum product for divisor classes T i as follows:
In the following, we denote the small quantum product by * for simplicity. Since we do not use Novikov variables in the following argument, we set Q d = 1 for simplicity.
Calculation of the quantum differential equation ofJ
E ′ X . Let X = G(k, n) and E ′ be as above. We fix a homogeneous basis T 0 , T 1 , . . . , T m of H * (X, C)/ ann(e(E ′ )) such that T 0 = 1, T 1 is the class of the Schubert divisor of X, and T m has top degree 2(dim X − rank E ′ ). Let T 0 , T 1 , . . . , T m be the dual basis with respect to the E ′ -twisted Poincaré pairing, i.e.
. By the definition of the E ′ -twisted small quantum product, we have
Note that the correlators (E
can be nonvanishing only if the degree equality
holds. Since c 1 (X) − c 1 (E ′ ) > 0 in our settings of this section, the degrees d which satisfy (11) are finite. This means that the E ′ -twisted small quantum product is determined by a finite number of E ′ -twisted Gromov-Witten invariants. In order to calculate the E ′ -twisted Gromov-Witten invariants, we will use the action of a maximal torus T = (C * ) n on G(k, n). This torus action is large enough to calculate E ′ -twisted Gromov-Witten invariants by the localization formula [Kon] due to Kontsevich.
Let M = (M ij ) be the connection matrix of ∇ z with respect to the fixed basis, i.e.
We set z = 1. The condition that a section s = 
which entails the system of linear differential equations
In order to find a differential operator which annihilatesJ E ′ X , it is enough to find a differential operator which annihilates s m (t) for any flat section s = 
where C = (C ij ) is a matrix of size (m + 1) × (m + 2) with entries in C [q] . This matrix has the kernel
where C i is the matrix obtained from C by deleting the i-th column. Evaluating the both sides of (14) with this kernel, we obtain
This is the operator Q(q, θ) which annihilatesJ
Here we apply the method described above for Calabi-Yau 3-folds in 
We will determine all two point E ′ -twisted Gromov-Witten invariants. Let T = (C * ) 7 be the maximal torus which naturally acts on G(3, 7). We use this T -action to compute E ′ -twisted Gromov-Witten invariants. Let s i = c i (Q) be the i-th Chern class of Q for 1 ≤ i ≤ 4. After some algebra, it is easy to see that we can take a basis of the H * (X, C)/ ann(e(E ′ )) by 
We can calculate the twisted Poincaré pairing (α, β) e(E ′ ) = G(3,7) α ∪ β ∪ e(E ′ ) as follows: Let T 0 , . . . , T 7 be the dual basis of T 0 , . . . , T 7 with respect to (, ) e(E ′ ) . The E ′ -twisted small quantum product * E ′ is defined by
To determine the quantum connection, we need to calculate the E ′ -twisted small quantum product with divisor class T 1 . Using the properties of twisted Gromov-Witten invariants (see [CK] ), it turns out that it is enough to calculate the following two point
Proof. Since E ′ is an equivariant vector bundle with respect to the T -action on G(3, 7), we can calculate these numbers by using the localization formula given by [Kon] . We refer [Ino] for the details of this calculation. ✷ Lemma 4.5. Any three point E ′ -twisted Gromov-Witten invariants are determined uniquely from the numbers in Lemma 4.4 by WDVV relations.
Proof. Recall that E ′ -twisted Gromov-Witten invariants satisfy WDVV relations, which are quadratic relations among them. More precisely for any 0 ≤ i, j, k, l ≤ 7 and d ≥ 0, we have
We can verify directly that WDVV relations determine any other three point E ′ -twisted GromovWitten invariants if we are given the numbers in Lemma 4.4. ✷ Proposition 4.6. The connection matrix of ∇
with respect to the basis (16) is given by 
This determines a quantum differential operator Q(q, θ) =
Proof. From the definition of the quantum connection, we have
Using the three point
in Lemma 4.5, it is straightforward to obtain the matrix M representing T 1 * E ′ (see (12) 
Proof. We define the differential operator
It follows from Lemma 4.2 that P (q, θ) annihilatesĨ
. Although P (q, θ) is of order 12, we find the following factorization in
where S 4 (q, θ) is the claimed Picard-Fuchs operator. We refer the explicit form of r(q) and R 4 (q, θ) to Appendix B.2. SinceJ
corresponds to the flat section of a local system of rank 4,Ĩ O(1) ⊕2 E ′ satisfies the fourth order differential equation which is given by S 4 (q, θ). ✷
No. 18 via the determinantal nets of conics
In this section, we consider the small I-function of a Calabi-Yau 3-fold of No. 18 which is a zero locus of a general section of E = Sym 2 S * ⊕ ∧ 5 Q on G(2, 8). Neither method in Section 3 nor Section 4 cannot be applied to this vector bundle E. To circumvent the situation, we note that the zero locus of a general section of ∧ 5 Q on G(2, 8) coincides with determinantal nets of conics N which can be described by a geometric invariant theory quotient. Moreover the restriction of Sym 2 S * to N is a vector bundle on N which is induced by a representation of the reductive algebraic group of the geometric invariant theory quotient. If the abelian/nonabelian correspondence is true for N, then we can apply it for Sym 2 S * | N and obtain the Sym 2 S * | Ntwisted J-function on N from the Sym 2 S * | N -twisted I-function. In this section, assuming the abelian/nonabelian correspondence for N, we determine the Picard-Fuchs operator corresponding to No. 18. 5.1. Construction of the determinantal nets of conics. First we summarize the construction of the determinantal nets of conics in terms of a geometric invariant theory quotient following [EPS] , [Tjø1] .
Let F be a two-dimensional C-vector space and E be a three-dimensional C-vector space. Let V = H 0 (P 2 , O(1)) be the C-vector space of linear polynomials on P 2 . Choosing a basis of F and E, we identify Hom(F, E ⊗ V ) with an affine space of 3 × 2 matrices having entries in V . The group GL(3, C) × GL(2, C) acts on Hom(F, E ⊗ V ) by
} be a subgroup of the center of GL(3, C) × GL(2, C). Since C * acts on Hom(F, E ⊗ V ) trivially, the above action induces an action of G := GL(3, C) × GL(2, C)/C * on Hom(F, E ⊗ V ). We define a character χ :
where [(g, h) ] is the equivalence class of (g, h). The geometric invariant theory quotient
is known to be a six-dimensional variety. Furthermore the following properties are known:
Proposition 5.1 ( [EPS] ). Under the above notation, it holds that
is fixed-point free. Moreover, N is a smooth projective variety and the codimension of Hom(F, E ⊗V )\Hom(F, E ⊗ V ) ss (G) in Hom(F, E ⊗ V ) is larger than or equal to two (cf. Assumption 3.1).
Consider the standard representation E of GL(3, C), the standard representation F of GL(2, C), and the following induced representation of G:
These representations define corresponding homogeneous vector bundles E N and F N on N respectively. Note that det E * N = det F * N holds and the Picard group of N is generated by this class.
The variety N parametrizes two-dimensional linear subsystems of conics of determinantal type. Hence there is a natural embedding j : N ֒→ G(3, 6). (3, 6) , where S G(3,6) is the tautological subbundle on G(3, 6). For F N , we have obtained the following proposition:
where S G(2,8) is the tautological subbundle on G(2, 8) and the image i(N) is given by the zero locus of a general section of ∧ 5 Q on G(2, 8).
Using Proposition 5.2, we have 
The corresponding I-function for the case (a) has been determined using quantum Lefschetz theorem. Due to the relation (20) and similar relations, our Calabi-Yau 3-folds No. 17, 15 and 18 correspond to the cases (a), (b) and (c) respectively. It should be noted that quantum Lefschetz theorem does not apply to the case (c) (in this given form), since the construction of Calabi-Yau 3-fold does not factor through a Fano manifold. 5.2. Conjectural abelian/nonabelian correspondence for determinantal nets of conics.
5.2.1. Description of the abelian quotient. Let T = (C * ) 3 × (C * ) 2 /C * be a maximal torus of G and W = N(T )/T ∼ = S 3 × S 2 be the Weyl group. Then W acts on Hom(F, E ⊗ V ) by permutations of rows and columns. The following lemma follows from the proof of Proposition 5.1:
is the affine subspace in Hom(F, E ⊗ V ), and similarly for C 12 0 * 0 * * * .
We put P ∆ := Hom(F, E ⊗ V )/ / χ| T T for the abelian quotient by T . We can check that the action of T on Hom(F, E ⊗ V ) s (T ) is fixed-point free and the toric variety P ∆ is smooth and projective. Hence the triple (Hom(F, E ⊗ V ), G, χ) satisfies Assumption 3.1.
5.2.2.
Presentation of the cohomology ring of N and P ∆ . The structure of the cohomology ring of N is described in [ES] , [Tjø1] . It is generated by p i = c i (E * N ) (i = 1, 2, 3), q j = c j (F * N ) (j = 1, 2) and the relations of these generators are completely known. In particular, we can take a basis of H * (N, Q) as 
from [ES, Theorem 6.9] . Since P ∆ is a smooth toric variety, we can describe the cohomology ring of P ∆ combinatorially (cf. [Ful] ). We denote the Cox coordinates of P ∆ by z Let H ij be the cohomology class of the toric divisor of P ∆ defined by z α ij = 0 for some α. We have the following lemma from [Ful, Section 5.2 
]:
Lemma 5.5. The cohomology ring H * (P ∆ , Z) is generated by 
Note that the Weyl group W = S 3 ×S 2 acts on H * (P ∆ , C) by permutations of {H ij } 1≤i≤3,1≤j≤2 .
Decomposition of vector bundles.
We consider the representations of T restricting the representations of G given (18) and (19) . Let E N,T , F N,T be the corresponding vector bundles on P ∆ . We can write
5.2.4. Fundamental Weyl anti-invariant class. Let Φ be a root system corresponding to (G, T ). We fix a decomposition Φ = Φ + ∐ Φ − into positive roots and negative roots. Then the fundamental Weyl anti-invariant class ω is written as
5.2.5. Weyl invariant lift of cohomology classes of N. We define a Weyl invariant lift of the basis in (21) by
. Then, for example, the lift of
and this gives an isomorphism Pic N ∼ = (Pic P ∆ ) W .
5.2.6. Novikov rings. We describe NE(P ∆ ). Since P ∆ is a toric variety, it is known that NE(P ∆ ) is generated by the class of the torus invariant curves (cf. [CLS] ). We identify the numerical class of a curve with the intersection numbers with divisors H ij , i.e. C = (C.H ij ) ∈ Z 6 . Then we have the following description of NE(P ∆ ): 
where t is the coordinates on H 2 (N, C) corresponding to the generator H := c 1 (F * N ) of Pic N. where we regard H as the class in H * (N, C)/ ann(e(Sym 2 F * N )). We evaluate Q = 1 and q = e t . The functions I 0 (t) and I 1 (t) are given by I 0 (t) = 1 + 6q + 66q 2 + 1092q 3 + · · · , I 1 (t) = I 0 (t)t + 10q + 167q 2 + 26746 3 q 3 + · · · .
We have the following result by searching a differential operator which annihilates I 0 similar to Example 3.5:
Proposition 5.6. The functionĨ We list differential operators which annihilate the I-functions of Calabi-Yau 3-folds corresponding to the pairs (X, E) in Table 1 . In [BCFKvS] , we can find a conjectural mirror family for complete intersection Calabi-Yau 3-folds in Grassmannian by using the conifold transition as well as their Picard-Fuchs operators. To avoid overlap with their list, we omit the Picard-Fuchs operators for complete intersection Calabi-Yau 3-folds in Grassmannian which correspond to No. 1, 2, 3, 6, 12, 19 . Except for this omission, for completeness, we include previously known examples in other literatures.
In the list below, we set θ = q
